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130DYCOMBINATIONSAT SUPERSONICSPEEDS

By LelandH. Jorgensen

SUMMARY

Experimental.forceandmomentcharacteristics,includinglift-drag
ratios,havebeenmeasuredandbrieflystudiedfortwofsmiliesofwing-
bodycombinations.Onefamilyconsistedofessentiallyarrowwingswith
halfconicalbodies.Forthesearrow-wingedconfigurationsthewing
vertexcoincidedwiththebodynose,andthewingtrailingedgeatthe
rootcoincidedwiththebodybase. Theeffectof increasingbodyvolume
andchangingthecrosssectionfromcircularto ellipticalhasbeen
studiedforfree-streamMachnumbers,&, of 2.94and3.88. TheReynolds
numbers,basedonbodylength,were9.1x108and5.4x106, respective~.
Thehighestmaxhumlift-dragratiosmeasuredfortheseconfigurations
were7.3 at & =2.94 snd6.8at l&=3.88.

Theotherfamilyofwing-bodycombinationsconsistedofa fineness-
ratio-12bodyofrevolutionaloneandwithflat-platetrisqgularwings
ofaspectratiosrangingfrom0.375to 1.8. Thebodyaloneandthe
triangular-wingedconfigurationsweretestedat a Machnuniberof 2.94
anda ReyaoldsnumberofZ2,0x108,basedonbcdylen@h. Thehighest
maximumlift-dragratiomeasuredwas7.1, obtainedusinga wingof
aspectratio1.414.

INTRODUCTION

At supersonicspeeds,aswellas at subsonicspeeds,thersmgeof
an aircraftinrelativelysteadylevelflightdependsonlift-drag
ratio.To obtainhighlift-dragratios,severalinvestigatorshave
studiedconfigurationsemployingwedgesor a halfconicalbodysituated
beneatha wingof essentiallyarrowplanform(refs.1 to 3). s~pe
variablesstudiedhaveincludedwingplanform,wingleading-edgesweep,
bodyprofileshape,ad bodyfinenessratio.Mostofthemodelstested
haveconsistedofhalfcircularconesmountedbeneathalmostflatarrow
wings,withthewingandconeverticescoinciding.Inthepresent
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investigation,additionaltestshavebeenmade

NACARMA%A08

whichshowtheeffecton
lift-dr~ratioof @creasingbodyvolumeandchangingcrosssection
fromcircularto elliptical.ThesetestsweremadeforMachnumbers
of2.94and3.88.

In additiontotestsof flat-toparrow-wingedconfigurations,tests
alsohavebeenmadeofa familyofwing-bodycombinatimsemployinga
low-dragbodyofrevolutionwithflattriangularwings.Theeffecton
lift-dragratioof increasingwingaspectratioin successivesteps
fromO to 1.8hasbeenmeasuredfora Machnumtberof2.94.Thepurpose
ofthisreportistopresentanddiscussbrieflyaerodynamicdata,includ-
inglift-dragratios,forlmththeflat-toparrow-wingedconfigurations
andthemoreconventionaltrismgular-wingedconfigurations.
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SYMBOLS

(b-d)=aspectratioof triangular-wingedconfigurations,—
b

planarea(includingthatofbcdy)
9

exposedwingareaoftwopanels ..-

wing

drag

drag

lift

span,bodyincluded
w.-

coefficient,—
SP

coefficientat zerolift

Lcoefficient,-
-*

pitching-momentcoefficientaboutbodybase,pitchingmoment.. ..;. *Z

drag

bodybasediameter

bOdy length

bodynoselength

lift

maxtiumlift-dragratio

.
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Mcn free-streamMachnumber

‘%0 free-streamdynamicpressure

R Reynoldsnumberbasedonbodylength

r localbodyradius

XJY9Z Cartesiacoordinatesas shownin figure1

?? centerofpressuremeasuredfromvertexofbodynose

a angleof attackmeasuxedwithresyectto lowersurfaceofwing
formodels1,2, 3,and!Landwithrespectto longitudinal
axisforothermodels(seefig.1)

A sweepangle

Thepositive
infigure1.

directionsoftheanglesad coefficientsareshown

APPARATUSANDTFSTs

WindTunnels

Theemerimentalinvestigationwasconductedin—
supersonicwindtunnelsno.1 sndno.2. Tunnelno.

theAmes1-by 3-foot
1 isa closed-circuit

continuous-operationtypeandisequippedwitha flexible-platenozzle
thatprovidesa variationofMachnumberfrom1.4to 4.0. TheReynolds
numberis changedby varyingthetotalpressurewithintheapproximate
limitsof1/5of an atmosphereto 4 atmospheres.Tunnelno.2 isa non-
return,intermittent-operationtypeandisalsoequippedwitha flexible-
platenozzlethatprovidesa variationofMachnwnberfrom1.4to 3.8.
AirforthistunnelisobtainedfromtheAtnes12-footwindtunnelat a
pressureof about5 atmospheresandisexpandedthroughthenozzleto the
atmosphere.ChangesinReynoldsnumberareobtainedbyvaryingthetotal.
pressure. L.

Thewatercontentoftheairinboththe1-by 3-footwindtunnels
ismaintainedat lessthan0.0003poundofwaterperpoundof dryair.
Consequently,theeffectofhmidityontheflowisnegligible.

Models
.

Themodelstestedareshowninfigure2. Ihfigure2(a),elevation,
. bottom,andendviewsofthearrow-wingedconfigurations-areshown.For

AFMDCAD1’58-1800
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thesemodelsthewingswereidentical,allwingsectionsbeingessentially
simplewedgesslightlylessthan2 percentthickin streamwiseplanes.
Theleadingedgesofthewingswereroundedwitha radiusof0.003inch. *

Differencesinthemodelsresultedonlyfromchsmgesinbodyshape.
Model1,whichwasgeometricallysimilartomodel~ of reference3,had
a bodyconsistingofhalfofa fineness-ratio-5cone(semivertexangle
of 5.71°)mountedbeneaththewing. Model2 wasi-denticaltomodel1
exceptfortheadditionof a halfcylindricalafterbodywhichincreased
thebodyvolumeby about41percent.Models3 and4 hadthessmelongi-
tudinaldistributionof cross-sectionalarea,andhencetotslvolume,as
model2. Thebodyofmodel3,whichwasmountedbeneaththewing,was
halfofa cone-cylinderof ellipticcrosssectionwitha ?gaJor-to-minor
s.xisratioof 6. Formodel4,halfofthebodyvolumewasplacedunder
thewingina semicircularcone-cylinderandhalfativethewingina .
semiellipticalcone-cylinder.

Allofthetriangular-wimgedconfigurations(fig.2(b))hada
fineness-ratio-12body(Bl)consistingof a 3/&powernose(approximate
Newtonianminimum-dragshape)offinenessratio5 anda cylindricalafter-
bodyof finenessratio7. Fivetriangularwingshavingaspectratios
from0.375to 1.800weretestedwithbody B1. Thesewingsareidenti-
fiedinfigure2(b)by Wl,W2,W3,W4,endW5. Thewingsectionswere
flatplateswithleadingandtrailingedgesbeveledto smallradii.

Pertinentgeometricpropertiesofallthemodelstested,suchas
planareasndbodyvolume,aregivenintableI. KU.ofthemodelswere
constructedof steelsndwerestingsupportedfromtherear.

Tests

Forcetests.-Balancemeasurementsoflift,drag,and2itching
momentwereobtainedintunnelno.2 forallthemodelsata free-stream
Machnumberof2.94. Forthearrow-wingedconfigurationstheReynolds
number,basedonbodylength,was9.1xl.0°,andforthetriangular-winged
configurationsitwas1.2.0x106.Dataalsowereobtatiedintunnelno.1
forthearrow-wingedconfigurationsata Machnumberof 3.88anda
Reynoldsnumberof 5.4x10=.Theangle-of-attackrangeforthesm’ow-
wingedconfigurationswasfrom-6°to 6°andforthetriangular-winged
configurationsfrom0°to 16°.

Basepressuresfromeightorificesspacedaroundtheinsideofthe
baseperipheryof eachmodelweremeasuredbyphotographicrecordingfrom
a multiple-tubemanometerboard.Therepeatabilityoftheforcesadbase
pressuremeasurementswascheckedbymakingrerunsforseveral configura-
tions.
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Sublimationtests.-Thesublimationtechnique(ref.4)wasusedfor
determiningboundary-layertransition.Themodels,whichwereinitially

● paintedblack,weresprayedwitha saturatedsolutionoftetrachloroben-
zeneinbenzene.Thissolutiondrieson contactwiththemodelsuxface
andpresentsa whiteappearance.Thewindtunnelisoperatedand,as
theprocessof sublimationtakesplacewiththemodelinthetunnel,
evidenceofboundary-layertransitionappearsonthemodel. (OtherSOIU-”
tions,suchasacenaptheneandazobenzenedissolvedinpetroleumether,
canbe usedforslowerratesof sublimation.)Turbulentboundarylayers,
associatedwithregionsofhighsurfaceshear,showup asdarkareas;
whereasregionsof laminar flowandseparationremainwhite.Sublhation
testsweremadeinbothwindtunnels.

REDUCTIONANDACCURACYOFDATA

Ml oftheforceandmomentdatahavebeenreducedto coefficient
formandarereferredto thecoordinatesystemshowninfigure1. The
basedragwascomputedusingtheaveragebasepressureandwassubtracted
fromthetotalaxial-forcebalancemeasurement,sothatthedatapresented

& (exceptwherenotedin fig.7)areforforcesaheadofthebodybase.

Theaccuracyofthefinaldataisaffectedby uncertaintiesinthe. measurementoftheforcesandmoments,andinthedeterminationofthe
streamstaticanddynamicpressuresusedinreducingtheforcesand
momentsto coefficientfarm.Theseindividualuncertaintiesledto
estimateduncertaintieswhichareUsted inthefollowingtable:

% *o. 002

% *ooca2
*. 002

L%~ *.2
X@ *.02

Thevaluesof
withintO.l”.The
ofthetestmodels

augleofattackareestimatedtobe accurateto
variationofthefree-streamMachntmberintheregion
waslessthan~.02 atbothMachnumbers2.94sad3.88.

RESULTSANDDISCUSSION

Arrow-WingedConfigurations

. Theaerodynamiccharacteristicsofthearrow-wingedconfigurations
arepresentedinfigure3 for lb = 2.94andR = 9.1x10sandinfigurek
for lQ = 3.88andR=5.4x10e. Thellft,drag,andpitching-moment. coefficientsformodels1,2, 3,and4 areallbasedontheplanareaof
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model1. Differencesinforcesandmomentsforthemodelsresultedfrom
differencesinthebodies,thewingsofthesemodelsbeingidentical.
Model2 wasthessmeasmodel1 exceptfortheadditionofa half
cylindricalafterbodywhichincreasedthebodyvolumeabout41percent.
Models3 and4 hadthessmevolumeasmodel2. Thebodyofmodel3,how-
ever,wasa halfcone-cylinderof ellipticcrosssection.Thebodyof
model4 consistedofa halfcone-cylinderof ellipticcrasssectionabove
thewingand.ahalfcone-cylinderof circularcrosssectionbelowthe
wing. Thevolumeabovethewingwasequaltothatbelow.Models3 and4
wereconstructedwithellipticcrosssectionsasa resultofthefindings
ofreference5. ‘Tnreference5 it is shownthat,fortriangularwingsof
lowaspectratiomountedon cones,higherlift-dragratiosareobtaine&
withan ellipticcrosssectionwithmajoraxisinlinewiththewings
thanwitha circularcrosssection.However,theconesstudiedwereof
lowerfinenessratiothanthoseofthisinvestigation,andhencethe
lift-dragratioswereallsomewhatlower.

As showninfigures3 and4,therearena largeeffectsonthe
lift-dragpolarsandlift-dragratiosres~>~ngfromthechangesinbodY . _
shapeforthearrow-wingedmodels.Theadditionof 41:percentbody
volumetomodel1 resultedinlittleorno lossin L/D. (Compareresults
formodels1 and2 infigs.3(c)and~(c).)ThehighestL/D at
]\~= 2.94was7.3,obtainedwithmodel~. ThehighestL@ atlQ = 3.88 b
was6.8,obtainedwithmodel3. Forallmodelsthelift-dragratios
werehigherinthe~o.sitivesingle-of-attack.rangethsminthenegative.
Thus,theadvantagein L/D offlat-topoverflat-bottcmconfigurations,

b

attestedto inreferences1 ta 3,isclearlydemonstrated.Inalltests
theboundarv-layerflowoverthemadelswasessentiallyturbulent,the
lengthofl“min&runbeingaboutthessmeas forthe
modelstobe discussed.

Triangular-WingedCqKigurations

Theaerodsmamiccharacteristicsof.thefsnilyof

triangular-winged

triangular-winged
configurations-(consistingofa low-dragbodywithflattri~gularwings)
arepresentedinfigure5 for ,% = 2.94andR ,=12.0x106.Thereader
isreminded’thatthelift,drag,andpitching-momentcoefficientsfor
eachconfiguration,arebasedontotalp.lsmare&‘inclvdingthebody.
Theresults,should.%eassessedti”thebasis”ofahno~t’acompletelytur-
bulentboundary-layerflow’overthe“sW&ce—of,themgdels.Fransublima-
tiontestsitwasfoumdthattheflowwaslaminaronlyovertheforward
halfofthe-bodynose. Photographsofk.eve+al’inodelstakenfollowing
thesublimationtestsareshowminfigure6. : -... —. ,.---

Infigure5(a)itis clearlyevidentthat:the”lifteffectiveness
ofa bodyalonecanbe appreciablyincreasedwiththe.additionof even

.

wingsofverylowaspectratio.Forthesecon~i@@%t@nsthelift ““
effectivenessincreasedwitheachsuccessiveihcr.%ase’nlnaspectratio ●
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fromO to1.8. It is interestingtonotethat

7

themodelwitha supersonic
leading-edgewing(B=W=,A . 1.8)hasa slightlyhigherliftcoefficient

● thanthemodelwithessentiallya sonicleading-edgewing(B1W4,A = 1.414).

Theeffectof changeinaspectratioonthelift-dragpolarsand
lift-dragratiosis showninfigures5(b)and5(c).Thezero-lift-drag
coefficientswereallaboutthesame(CDo~ 0.0060)forthemodelswith
wingsof aspectratios0.667,1, and1.414.Forthesemodels,dragdue
to liftdecreasedwithincreaseinaspectratio,sndhencelift-drag
ratioincreased.Themodelwiththewingof aspectratio1.414(B=W4)
developedthehighestmaximumlift-dragratio(about7.1).Decreasein
maximumlift-dragratioasthewingchsngesfrom A . 1.414toA = 1.8
canbe attributedmainlyto an increasein ho.

Theeffectof changeinaspectratioonthepitchingmomentsand
centersofpressureis shownin figures5(d)and5(e).Thecenterof
pressureforthebody(Bl)startsonthenosesectionat zeroangleof
attackandthenmovesz%arwardtowardthecentroidofthebadyasthe
angleof attackis increased.Addingeventhesmallestwingresultsin
a rearwardshiftofthecenterofpressureat allanglesofattack.It
isalsoapparentthattheadditionofwingsof-evenlowaspectratia

4 resultsin smallcenter-of-pressuretravelwithangleofattack.

. ComparisonsofMaximumLift-DragRatios

Maximumlift-dragratiosforallthemodelstestedaresummarized
inthefollowingtable:

b -2.94 ~ = 2.94 IQ . 3.@

~ 3-8 ==@ 6-9 6-7

I-’ I 521=5”41‘-’6-5IA.375

*
A.,667 59 e-4 6-96-8,

dA.I .6-6====zH7-36-7.
*I 71I
I-* I 6-5[

.-
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M&mum lift-dragratiosforthemodelstestedat ~ . 2.94are
plottedinfigure7. Ontheleftsideof thefigureis showntheeffect
ofaspectratioonmaximumlift-dragratioforthetriangular-wingedcon-
figurations.It is seenthat(L~)w increaseswithincreaseinaspect
ratiofromO to 1.414butdecreaseswithincreaseinaspectratiofrom
1.414to1.8.

Ontherightsideoffigure
(bodyvolume)2’z

,maximumlift-dragratiosareplotted —
as a functionof Withthisplottheeffectofvolume

plsnarea “
carryingcapacityon (L/D)- isdemonstrated.As shownforthe
triangular-wingedconfiguration,(L@)u g~eral-l.yticreasesas
(bodyvolume)2/s decreases. Thetheoreticalwingalonevalueof

planarea
(L/D)W = 7.76representsthemaximumlift-dragratiowhichcouldbe
expectedfora triangular-wingedconfigurationwithvanishingbody.The
wingalonevaluewascompute@usinglinearized(flatplate)wingtheory
with @o = 0.0060.~is valueof ~. wasclosetotheexperimental
valuesformodelsBlW2,BIWS,andB1W4.

Alsodemonstratedontherightsideoffigure7 istheeffecton $
(L/!O)- Of includingbasedrag.Basedragsformodel1 endthe
triangular-wingedmodelswerecomputedusingreference6. Theeffectof .
basedraglowers(L~)- formodel1 from6.9to about4.9. Although
itismoredifficultto computethebasedragsformodels2, 3,and4,
itwasestimatedthatthemaximumlift-dragratioswouldbe oftheorder
of ~. Theinclusionofbasedraglowersthemagnitudeof (L/D)- by
atleast1 forall.theconfigurationsstudied.However,withproper
boattailingofthecylindrical.afterbodyofthetriangular-wingedconfig-
urations,somelossin (L/D)mu attributedtobasedragcanbe recovered.
(Comparecurvesontherightsideof fig.7.)

CONCLUSIONS

Experimentalforceandmomentcharacteristics,includinglift-drag
ratios,havebeen studiedfortwofemiliesofwing-bodycombinations.
Onefsmilyconsistedof identicalarrowwingswithhalfbodiesofboth
circularandellipticcrosssection.Testsweremadeata Machnumber
of 2.94(Reynoldsnumberof9.1x106)snd.aMachnumberof 3.88(Reynolds
numberof 5.4x10e).Theotherfamilystudiedconsistedofa low-drag
bodyofrevolutionwithtriangularwingsofaspectratiosrangingfromO
to 1.8. Theseconfigurationsweretestedata Machnumberof2.94
(Reynoldsnumberof12.0x106).

.
A briefanalysisoftheresultshasled

to thefollowingconclusions:
.
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1. Forthearrow-wingedconfigurations,theeffecton lift-drag
ratioresultingfromchangeinbodycross-sectionalshapeisnotlarge.

2. Increasingbodyvolumeof an srrow-wtigedconfigurationby as
muchasabout@ percentby additionof a hsl?cyMndricalafterbody
resultsinlittlelossinlift-dragratio.

3* Forthearrow-wingedconfigurations,higherlift-dragratios
wereobtainedwiththeflat-toparrangementsthanwiththeflatbottom.

4. Forthetriangular-wingedconfigurations,maxhumlift-drag
ratioincreaseswithincreasein aspectratioforwingshavingsubsonic
leadingedges.Msxdmumlift-dragratiodecreaseswithincreasein
aspectratioasthewingchangesfromonewithessentiallya soniclead-
ingedgeto onewitha supersonicleadingedge,therootchordremaining
constant.

5. In general,maxim-mlift-dragratioincreaseswithdecreasein

theparemeter(bodyvolme)as
planarea “

AmesAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

MoffettField,Calif.,Jan.8, 1958
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I.-CXOMETRICPROPERTIESOFTESTMODELS

*

B,w, 15.000
A=.375

e 15000
A.S67

+ 15000
A=l

* ‘5-000
-+

15.000
13,W5

A.LSOO

-==3 ‘0-000

==54 “-373

+

21.03 13.81

25.40 13.81

30.40 13.81

-1-36.60 13.81

42.42 [3.81

+

27.30 85.24

30.05 ‘97.40

30.55
I

?.40

30.55 *7.40

0.374 I 0.068

*

.274 .094

.227 .113

.189 .135

+

.157 .163

.136 .188

+

.124 .236

.124 .236

%s tmdy volmeexcludesthevolumeofthe wingextended thro@the~.

lJ-

Body VO~

,BodyIengthf

0.00409

.00409

.00409

.00409

.00409

.00409

.00524

.00503

.00503

.00503

i
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Figure1.-Coordinatesystem and si.$uconvention.
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Model I
Note:All dimensionsin

(exceptas noted)

1
I .5.710

Model2

I
I J

Halfellipse’
Model 3

inches.

t 1 t 2.15°
.. . .

* \
Model4 ~ Halfellipse

(a) Arrow-wingedconfigurations.

Ffi~j$l
BodyBI
Nosedefined by

A-A‘=!w3’4- EH=HWing b d;; A

W, 2.702 84.70.375
W= 3.833 80.50.667
W3 5.125 76,0 1.000
WQ 6.72570.5 [.414
W. 8.22565.8 1.800

1 kl .~~OIO rod7’”
Typical leading edge Typical trailing edge

SectionA-A (enlarged) Section B-B (enlarged)

(b) Triangular- winged configurations.

.

Fig@e 2: + Modelstested.

.
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(a) Lift.

o 0 .004 .008 ,012 ,016 ,020 ,024
Drag coefflclent, CD

(b) Lift-drag plar.

Figure3.-Aerodynsmiccharacteristicsof arrow-whged configurations;& = 2.94, R = 9.lXI.05.
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(d) Pitchingmment.
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(e) Center of pressure.
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Angle of attock, U, deg

(a) Lift.

Figure h.- Aerodynamiccharacteristicsof arrow-winged

Sk Dreg coefficient, Cow$=

$

s
(b) Lift-dragpolar.

configurations;& = 3.88, R . 5.4XI.06.
s
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(c) MJ%-arag ratio.

.

.04 .02 0 -.02 -.04

Pitching- moment coefficient, Cm

(d) Pitchg nvxnent,

Figure 4.- Concluded.

.2 .4 .6 .8 Lo

Center of pressure, *

(e) rknter of presmre. ~
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Angle of oit_ack, a,”deg “- Blwq
qw~

(a) Lift.

Aerc@namic characteristicsof

BIWZ BI Drag coefficient, CD ‘“
BtW3 BIWI

(b) Lii?t-dragpolar.

triangular-wingedconflgu’ations;~ = 2.94, R = 12.0x10g.
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Lift -drag ratia, ~
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Hgure 5.-concluded.
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1

.2 .4 .6 .8 1.0

Oenter of pressure, +

(e) Center of pressure.
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BIW2, A=.667

21

* Figure6.-Photographsof triangular-wingedconfi~ationstakenfollowing
sublimationtestsofnmdelsat a . OO;~ = 2.94,R = 12.0fi06.
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‘O .4 .8 1.2 1.6 20

Aspect ratio, A

~ewy for triangular wingalum with conk

~ mldkq edqemd ~“.o.oom

(Body volume)2~
Plan area

Figure 7.-Effeet of as~ct ratio aud body volume on u,aximumlift-dragratio; ~ = 2.94.


